and talc. Furthermore, the longevity of cultures, even when spores are absent, is extended, in cultures containing activated carbon, to several weeks at a population of millions of cells per milliliter. This extension of life is the result of a marked change from rapid decline in numbers to an almost stationary population.
Although Bacillus popilliae Dutky and B. lentimorbus Dutky sporulate in the hemocoele of Popillia japonica Newman (Japanese beetle) and Amphimallon majalis (Razoumowsky; European chafer) larvae, they sporulate sparsely on solid laboratory media (7, 10) and not at all in liquid media. In searching for a means to evoke the formation of spores in liquid media, we became aware of the work of Foster, Hardwick, and Guirard (2) . They experienced difficulty in causing B. larvae White, another insect pathogen, to sporulate. Sporulation of this species was greatly enhanced in media they treated with activated charcoal. Perhaps it was their success that induced Steinkraus (9) in 1957 to add activated charcoal to the solid medium on which he found B. popilliae to produce spores.
It seemed unlikely to us that a practical method for the production of milky disease bacteria spores for use in controlling insect hosts could be developed on the basis of spores formed on solid media. Therefore, we continued to work with liquid media and included the use of activated carbon.
MATERIALS AND METHODS
Microorganism. B. popilliae Dutky NRRL B-2309S was used exclusively. It is a substrain of NRRL B-2309 that was previously selected because of its ability to form spores on solid media (7) . Both the parent and the substrain were able to infect Japanese beetle larvae.
Medium. The whether pretreatment of the medium with carbon is satisfactory suggest that sporulation occurs more readily when carbon is present.
Cultural conditions. Cultures were grown in 100 ml of medium in 300-ml Erlenmeyer flasks on a reciprocal shaker at 25 C. At intervals, samples were removed for determination of pH and viable population and for observation by phase microscopy. Inoculation was done with 0.1 ml of a 1-to 3-day-old culture.
Viable population count. Viable counts were performed in the usual manner, except that a spreading technique was used instead of the pour plate method. A 0.1-ml amount of every dilution chosen for plating was spread on each of three plates of J-medium agar. Plating was done from three serial 10-fold dilutions selected on the basis of experience to give 30 to 300 colonies per plate. In keeping with the recommendations of St. Julian et al. (11), 0.1% tryptone was used as dilution fluid. To suppress foam that formed upon shaking the dilution blanks, we added to each liter of 0.1% tryptone 0.5 ml of 10% polyglycol containing a drop of Tween 80.
Preparation and testing of spores. A 2-ml amount of a culture showing refractile B. popilliae spores was transferred to each of several sterile 300-ml Erlenmeyer flasks, some empty, others containing 10 g of dry, sterile soil, white sand, or a 1:9 mixture of powdered calcium carbonate and talc. The cultures were 2 to 5 weeks old, and, in each, 5 to 15 refractile spores were seen in the course of examining 100 microscope fields (1,000 times magnification) in wet preparations. The flask preparations were then allowed to dry at 32 C. At intervals thereafter, they were tested for viability and numbers of germinable spores. This determination was accomplished by aseptically pouring 100 ml of sterile medium into each flask selected for testing, shaking it to wet and suspend the spores, and then removing a sample for plating to determine the number of germinable spores.
RESULTS
When B. popilliae was grown in shaken J-medium cultures at 25 C, the population rose to a maximum at 48 to 72 hr, depending upon the number and vigor of cells in the inoculum. Having reached its zenith, the population rapidly declined until, at the end of 1 week, the number of viable cells was negligible. A typical growth curve (Control) is shown in Fig. 1 . As the population rose to its peak and during the initial period of decline, the pH dropped constantly to about 6. Figure 2 shows All flasks were inoculated with 0.1 ml of a 3-dayold J-medium culture of NRRL B-2309S. Typical population curves are shown in Fig. 1 , and the course of pH is shown in Fig. 2 .
To conserve the supply of carbon, we standardized on 1 % carbon for subsequent experiments.
Because of reports in the literature that noncarbonaceous surfaces stimulate the growth of microorganisms (1, 5, 12) , we tested the effect of glass beads, clay shards, talc, and bentonite. As shown in Fig. 3 , glass beads, clay shards, and talc had little or no effect upon the growth curve. Bentonite, on the other hand, was almost as effective as activated carbon in extending the longevity of B. popilliae.
Observation by phase microscopy was also (9), it is possible that our cultures contain many spores that are undetected because they do not germinate on J-medium agar. The cultures that grew up from dried preparations that were reconstituted with J-medium were pure cultures of typical B. popilliae.
DIscussIoN
Treatment of culture media with activated carbon (charcoal) to enhance microbial growth has been practiced and sporadically reported during more than three decades. Earliest reports dealt with attempts to improve growth of gonococci and meningococci on nutrient agar (3), and it has been primarily in medical bacteriology that activated carbon has been applied to improve growth of fastidious microorganisms ever since.
The first, and to our knowledge the only, detailed comparison of viable populations in carbon-treated and untreated media was made in 1942 by Roberts and Baldwin (8) Some clues to the manner in which carbon affects the growth and sporulation of B. popilliae may be found in the works of Pollock (6), Foster, Hardwick, and Guirard (2), and Hardwick, Guirard, and Foster (4). Pollock (6) suggested that the growth-promoting power of carbon for Haemophilus pertussis might be attributable to its ability to combine with toxic fatty acids present in the medium. Foster, Hardwick, and Guirard (2) reported that activated carbon adsorbed factors from complex organic media that inhibited growth and sporulation of B. larvae. These factors were shown by Hardwick, Guirard, and Foster (4) to be composed largely of fatty acids. The constituents which accelerate death and inhibit sporulation of B. popilliae may be similar to these, but we have not yet attempted to identify them.
One of the main purposes of seeking to evoke spores in liquid culture is that they may be produced in large quantity, and cheaply, for use in controlling insect hosts. Currently, spores are commercially produced for this purpose in limited quantity and rather expensively by procedures developed by Dutky in 1941 and 1942 (U. S. Patents 2,258,319 and 2,293,890). Japanese beetle larvae are collected in heavily invested areas, transported to the laboratory, inoculated, incubated until they become "milky," and then processed to make a spore dust.
The Japanese beetle and the European chafer are most susceptible to milky disease bacteria during the larval stage when they live in soil. To be available to larvae, spores must be able to survive in soil. They are applied to soil in the form of spore dust, in which spores are dispersed in a mixture of calcium carbonate and talc. Months may pass from time of production to time of application. Thus, to be available to infect larvae, spores must be able to survive storage in this mixture. It became necessary, therefore, to determine whether artificially produced spores survive in soil and in calcium carbonate-talc mixture as do those produced in larval hemolymph. Table 1 shows that spores engendered in liquid media containing carbon VOL. 91, 1966 
